. r e s i s t i v i t y measurements (2) , i n t e r n a l f r i c t i o n measurements (3) , e l a s t i c constants measurements (4) and i n e l a s t i c neutron s c a t t e r i n g (5). These e f f e c t s -so-called p r e m a r t e n s i t i c e f f e c t s -are now t e n t a t i v e l y explained i n the f o l l o w i n g way (5) :
-Above R ( p a r t I o f Fig. I ) , a second order phase t r a n s i t i o n occurs by the F . softening o f t h e transverse acoustical (TA) phonon branch along (110) , , transforming t h e h i g h temperature CsCl phase i n t o a s t i l l unknown s t r u c t u r e , c a l l e d R-phase.
This new phase appears p r o g r e s s i v e l y w i t h decreasing temperature from Rs (about 100°C above RF) and i s associated w i t h a r e s i s t i v i t y plateau and a decrease o f t h e Young's modulus.
-Between RF and :$Is ( p a r t I 1 o f Fig. 1 ) . another phase t r a n s i t i o n occurs, which i s associated w i t h an increase o f r e s i s t i v i t y and a peak o f i n t e r n a l f r i c t i o n .
Salanon e t a1 (6) suggested t h a t a s i m i l a r e f f e c t observed on an a l l o y comparable t o the a l l o y 2 was due t o a " l o c k i n " t r a n s i t i o n , f o l l o w i n g t h e incommensurate phase t r a n s i t i o n o f p a r t I.
-Between MS and :IF. the m a r t e n s i t i c transformation occurs, associated w i t h a decrease o f r e s i s t i v i t y and another i n t e r n a l f r i c t i o n pebk ( p a r t 111).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19815160 JOURNAL DE PHYSIQUE -Below LIF, the a l l o y i s f u l l y m a r t e n s i t i c ( p a r t I V ) .
The above succession o f phase transformations i s n o t always observed, f o r instance d u r i n g t h e heating o f N i T i o r i f t h e l4iTi a l l o y i s modified i n s u b s t i t u i n g Ni by Cu. The r e s u l t s of f u r t h e r i n v e s t i g a t i o n s on t h i s subject, done mainly by a n e l a s t i c measurements, are presented i n t h i s paper.
2. Experimental. -The N i T i base a l l o y s were prepared using standard technique (7).
The composition and the transformation temperature Hs o f t h e d i f f e r e n t a l l o y s are given i n Table 1 . The transformation temperatures were determined by an AC e l e c t r ic a l r e s i s t i v i t y technique (Fig. 2) . The a n e l a s t i c measurements were done during thermal c y c l i n g between 100 K and 400 K on p l a t e of 50 m m x 5 m m x 1 m m i n dimensions i n using a resonant bar apparatus f8), working i n the ItHz range. 
i t h t h e curves, measured on N i T i , i t i s assumed chat RF i s a t t h e minimum o f E
and t h a t t h e a n e l a s t i c peak i s due t o the same phase transformation t h a t the one defined i n p a r t I1 of Fig could proof i t . Our a n e l a s t i c measurements show c l e a r l y t h a t t h e minimum o f E i s a t higher temperature than the I.F. peak and t h a t the I.F. increases already more than 150°C before t h e peak (Fis. 4). They show a l s o t h a t a h i g h damping e x i s t s between R i and lfS (Fig. 3) . i . e . above the m a r t e n s i t i c transformation.
NiTiCu a l l o y s . I n s u b s t i t u i n g Ni by Cu, the peak associated w i t h the phase t r a n s i t i o n o f p a r t I 1 disappears, as was reported i n (9) Cu. The m a r t e n s i t i c transformation (ils) begins d i r e c t l y a f t e r t h e minimum o f E, a t the beginning o f t h e increase o f R (Fig. 2) . The l o c a t i o n o f !"IS was confirmed by other measurements such as the 2-way shape memory e f f e c t . A t PIs, the I.F. has already increased s t r o n g l y , however, no peak above and below Ils i s observed. I t was already shown (9) t h a t the m a r t e n s i t i c peak decreases w i t h increasing measurement frequencies and was o n l y w e l l observed i n t h e Hz range. This i s confirmed here. On t h e other hand t h e peak o f t h e R-phase i s observed f o r the a l l o y s 2 and 3, Table I as a function of temperature. Parts I to IV are explained in text. Table I alloy 3 of Table I during a heat-(measurement frequency: 1.46 KHz).
ing, followed by cooling (measurement frequency: 1.46 KHz) what proves t h e absence o f the locking o f t:he R-phase f o r t h i s a l l o y 4.
Ni TiCuFe a l l o y . I n s u b s t i t u i n g N i by both Cu and Fe, i t i s possible t o o b t a i n an a l l o y ( a l l o y 5)
, which has a l l transformations w e l l separated, b u t s t i l l above 100 K. The succession o f the 3 phase transformations (second order R. l o c k -i n o f R and m a r t e n s i t i c ) can be followed by the r e s i s t i v i t y measurement (Fig. 2 ) and on the a n e l a s t i c measurements (Fig. 6) CuAlNi (82 wt.% Cu, 14 wt.% A1 and 4 wt.% Ni) ( Fig. 7 and 8 ). F o r both a l l o y s , the
I.F. peak i s l o c a t e d between the s t a r t and t h e f i n i s h of t h e m a r t e n s i t i c phase
transformation. Before t h e peak, no sharp minimum o f E i s observed; however, f o r CuZnAl, a sharp minimum o f E i s present during t h e phase transformation and t h e I.F. peak i s much more pronounced than t h e one o f CuAlNi. (Fig. 9 ) . A c o n s i s t a n t increase o f a f a c t o r o f 50 was noted f o r both t h e measurement made w i t h t h e pendulum ( a l l o y 1) and f o r the o t h e r measurements made i n the kHz range ( a l l o y s 3 -5). For N i T i , t h e second order phase t r a n s i t i o n R appears during t h i s temperature i n t e r v a l . From a n e l a s t i c t h e o r i e s o f second order phase t r a n s i t i o n ( r e l a x a t i o n near a Lambda t r a n s i t i o n (10) jO. such a t r a n s i t i o n i s associated w i t h a decrease o f Q-l propor-
Clamping o f p a r t I. On a l l t h e N i T i base a l l o y s , an increase o f damping and a decrease o f t h e Young's modulus are observed between RS and RF. I n r e p o r t i n g t h e I.F. on a l o g a r i t h m i c scale, t h i s increase appears much more c l e a r l y and i n a s i m i l a r fashicnfor a l l t h e a l l o y s
, where T i s t h e c r i t i c a l t r a n s i t i o n temperature and 0 an exponent v a r i i n g from -1 c l k s e Tc t o -2 f u r t h e r away from Tc and w i t h an increase o f the compliance ( o r a decrease o f modulus) p r o p o r t i o n a l t o (T -Tc). These behaviours are observed on a l l a l l o y s and we can then conclude t h a t t h i s R phase t r a n s i t i o n , associated w i t h the s o f t e n i n g o f the TA (110) phonon branch occurs i n every a l l o y . It i s s i g n i f i c a n t t h a t t h i s behaviour i s observed f o r measurements done both i n the Hz and t h e kHz, because u s u a l l y such effects are observed i n t h e MHz range. For N i T i , t h e measurements o f Pace and Saunders (11) . done i n t h e [1Hz, confirm our r e s u l t s .
For the CuZnAl and CuAlNi a l l o y s , nothing s i m i l a r happens. However, f o r CuZnAl, a minimum o f E i s observed during the m a r t e n s i t i c transformation, which could i n d icate a s o f t e n i n g o f the e l a s t i c constants during t h i s transformation. Coincidentall y o r not, CuZnAl has a l s o an anomalie on the (110) TA phonon branch (12) . whereas CuAlNi does n o t (13) ; however, the anomal i e o f CuZnAl does n o t degenerate i n t o a s o f t mode. Our measurements could e v e n t u a l l y suggest t h a t i n the l a t t e r t h e s o f t e n i n g a r r i v e s simultaneously w i t h t h e m a r t e n s i t i c transformation. Moreover, t h e r e s u l t s o f CuAlNi i n d i c a t e t h a t t h i s softening i s n o t always necessary t o the m a r t e n s i t i c transformation. 1.42 KHit.
KHz).
t h a t such domains belong t o t h e R phase. However, before knowing more about t h i s phase and about t h e s t r u c t u r e o f t h e domains and domain boundaries, i t i s d i f f ic u l t t o make a model; however, we t h i n k t h a t i t w i l l be s i m i l a r t o those describing t h e h i g h damping i n Cu;.i n a l l o y s (14) , where magnetic domain motion causes t h e h i g h damping. I t should a l s o be noted t h a t t h e N i T i base a l l o y s between
Rk and Ms simultaneously demonstrate h i g h damping, l i k e i n t h e m a r t e n s i t i c c o n d i t i o n and high s t r e n g t h l i k e i n t h e @-structure.
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